Teaching Practices of Engineering Technology Faculty
A 2012 report by the President's Council of Advisors on Science and Technology (PCAST) notes that for the U.S. to maintain its historical preeminence in science and technology, about one million more science, technology, engineering, and math (STEM) professionals will be needed that U.S. colleges and universities will produce over the next decade (assuming the current rate is maintained) 1 . One reason for this shortage is that less than 40% of students who enter college intending to major in a STEM field actually finish their degree. The report notes that about 75% of the target could be met simply by increasing retention of STEM majors from 40% to 50%. To help reduce attrition, the report recommends that empirically validated teaching practices-also known as evidence-based teaching practices-be more widely adopted. Improved teaching methods will result in enhanced learning and student persistence 1 .
Before undertaking changes in teaching practices, it can be helpful to know the extent to which faculty members' current practices are evidence-based. Wieman & Gilbert recently developed a Teaching Practices Inventory for characterizing college and university teaching in mathematics and science 2 that is designed for this purpose. The inventory prompts instructors to select a course that they teach and then answer a series of questions about how they teach the course. For example, below is a sample item from the inventory:
Percentage of typical class period that you spend lecturing (presenting content, deriving mathematical results, presenting a problem solution,...):
Wieman & Gilbert also develped a scoring rubric that assigns point values based on how questions are answered. The number of points awarded is based on the extent to which there is evidence that the practice supports learning. In the question above, for example, their rubric would award 2 points for any answer between 0-60%, 1 point for 61-80%, and 0 points for 81-100%. The point values are based on research reported in Froyd 3 and Ambrose et al. 4 Wieman & Gilbert report that their inventory has been tested with several hundred university instructors and courses from mathematics and four science disciplines in Canada. They found that most instructors are able to complete the inventory in less than ten minutes, and the inventory provides a useful way to gauge the extent to which research-based teaching practices are used. However, it appears that their inventory has not been tested much yet in engineering and technology-related disciplines (the E and the T in STEM). Furthermore, their inventory does not currently address lab instruction, which is a common component of engineering and technology classes.
Therefore, to be able to use their inventory to better understand the extent to which engineering and technology faculty members' teaching practices are evidence-based, we modified the inventory to address how engineering labs are taught. New questions were added on topics such as equipment availability, lab objectives, and evaluation of student learning from lab activities. However, unlike Wieman & Gilbert, we did not devise a scoring rubric for the new questions; they were mainly intended to help us better understand how engineering labs are being taught. For characterizing the objectives of the labs, a typology from Feisel & Rosa 5 was used. In addition, minor changes to wording were made to better suit U.S. university terminology (e.g., fraction was changed to percentage; marked to graded).
To pilot-test the ETPI and to better understand teaching practices of engineering technology faculty, we asked members of an Engineering Technology listserv to complete the inventory. A commercially available survey tool was used to make the inventory available online. Members of ASEE's Engineering Technology listserv were invited to complete the inventory in exchange for a chance to win a gift card.
Our goals in administering the inventory were 1) to understand the extent to which researchbased teaching practices are being used in engineering technology instruction; and 2) to assess the usability of the questions for characterizing engineering teaching. The survey was anonymous and scores for individual instructors or courses were not calculated.
Description of respondents and courses
Sixty-one instructors from Engineering Technology and similar programs completed the inventory. Of these, 75% were from four-year colleges or universities and 25% from two-year colleges. The inventory prompts users to select a course that they teach and then answer a series of questions about how they teach the course. The courses selected included lower-division level (62.5%), upper-division level (30.6%) and graduate-level (6.9%); most were 3-4 credit hours. Class sizes ranged from 8 to 100; most were less than 40. Representative course titles include: Inventory completion times ranged from 4 minutes to slightly over four hours. However, this was likely because some respondents did not complete the online survey in a single session. The median was 15 minutes and the mean (after removing the five fastest and five slowest times) was 16 minutes.
Course information provided
Instructors were presented a list of items and asked to indicate all the items that they provided to their students via hard copy or web page. Table 1 shows the percentage of instructors who indicated they provided each type of information. Affective goals -changing students' attitudes and beliefs (interest, motivation, relevance, beliefs about their competencies, how to master the material) ①
26.2%
A point value (1 or 3) appears next to each type of information. These point values, which are from Wieman & Gilbert's scoring rubric, indicate the strength of the research evidence that providing this information supports learning. All the listed types of information have been shown to support learning, but the evidence that supports providing a list of topic-specific competencies is relatively strong. Therefore that item awards 3 points, whereas the other items award only 1 point.
Almost all the instructors (98.4%) provide a list of topics, and a large majority (82.0%) also provide a list of topic-specific competencies. Slightly more than half (54.1%) provide a list of competencies that are not topic related, and about a quarter (26.2%) provide affective goals. Perhaps this is because the courses that were reported were technical in nature, or perhaps these instructors were not aware of the potential benefits of providing information about goals that are not directly related to technical content.
Supporting materials provided
Instructors were presented a list of various types of supporting materials and asked to indicate which types they provided to their students. Table 2 shows the percentage of instructors who indicated they provided each type of supporting material. As in Table 1 , a point value from Wieman & Gilbert's scoring rubric appears by each type of information. In this case, some types have a point value of 0. Student wikis or discussion boards with significant contribution from you or TA ① 14.8%
A majority of instructors provide lecture notes (78.7%), worked examples (67.2%), other notes (63.9%), and homework solutions (54.1%). About half (50.8%) provided related animations, video clips or simulations. Less commonly provided were wikis or discussion boards, practice or previous year's exams, and articles from scientific literature.
In class features and activities
The inventory included several questions about in-class activities. Instructors were asked to give an approximate average number of times per class they do the following:  Pause to ask for questions. The rubric awarded 1 point for pausing more than three times per class. The average for the 61 respondents was 8.00 times per class.  Have small group discussions or problem-solving. The rubric awarded 1 point for having one small group discussion or problem-solving interlude per class, and 2 points for having more than one per class. The average for the 61 respondents was 1.61 times per class.  Show demonstrations, simulations, or video clips. The rubric did not award any points for these activities. The average for the 61 respondents was 1.61 times per class.
 Show demonstrations, simulations, or video where students first record predicted behavior and then afterwards explicitly compare observations with predictions. The rubric awarded one point for this activity if it happened more than 0.5 times per class. The average for the respondents was 1.32 times per class.
Instructors were asked to estimate the average number of discussions per term on why the material was useful and/or interesting from the students' perspective. The rubric awarded 1 point for 3-5 discussions and 2 points for more than 5 discussions. The average number reported by respondents was 7.63 discussions per term.
Instructors were asked to indicate if the following occurred in their course:  Students are asked to read/view material related to an upcoming class section (80.3% said yes, rubric value = 0).  Students are asked to read/view material related to an upcoming class section AND to complete assignments or quizzes on the material shortly before class or at beginning of class. (47.5% said yes, rubric value =2).  Students asked to complete reflective activity at end of class (briefly answering questions, reflecting on lecture and/or their learning, etc.). (36.1% said yes, rubric value = 1).  Students give presentations (verbal or poster). (63.9% said yes, rubric value = 1).
Instructors were asked to estimate the percentage of time they spent lecturing during a typical class period, where lecturing includes activities such as presenting content, deriving mathematical results, or presenting a problem solution. Figure 1 shows that 68.9% of the respondents spend less than 60% of the class period lecturing, which earns 2 points on the rubric. Another 16.4% spend 61-80% of the class period lecturing, which earns 1 point; and 14.8% reported that they spend 81-100%, which earns 0 points. Table 3 shows responses to the question "Which methods do you use to collect responses from all students during class? Check all that apply." In this case, the rubric does not award points for any of the choices (presumably because there is little evidence that any of these methodsincluding not collecting responses at all, which was selected by 26.2% of respondents-is more effective than the others). Raising hands is the method used by most respondents (63.9%). Section summary. As a whole, a majority of instructors who completed this inventory appear to be using research-based instructional methods for in-class activities. The only evidence-based methods that were used by less than half of the respondents were:  Students are asked to read/view material related to an upcoming class section AND to complete assignments or quizzes on the material shortly before class or at beginning of class. (47.5% said yes, rubric value =2); and  Students asked to complete reflective activity at end of class (briefly answering questions, reflecting on lecture and/or their learning, etc.). (36.1% said yes, rubric value = 1). Table 4 shows responses to the question "Which of the following types of assignments occur in your course? Check all that apply." A majority of instructors selected all the listed types of assignments except Problem sets/homework that do not contribute to the course grade, which is also the only choice that is not supported by evidence. Group projects or assignments ① 67.2% Paper or project (an assignment taking longer than two weeks and involving some degree of student control in choice of topic or design) ①
Assignments

60.7%
Problem sets/homework assigned or suggested which do not contribute to course grade ⓪ 31.1%
Feedback and Testing
The inventory included several questions about feedback and testing. Table 5 summarizes responses to a question that asked instructors to indicate the types of feedback from students to instructor during the term (check all that apply). The most commonly mentioned "Other" type of feedback was an end-of-course evaluation, which seems to be standard at many institutions. Other types mentioned by respondents included informal oral feedback (oral) during course, one-on-one discussions outside class times, occasional solicited input, and reading reflections Table 6 summarizes responses to a question that asked instructors to indicate the types of feedback they give to students (check all that apply). Instructors were asked to indicate the number of mid-term exams. The majority (55.7%) indicated that their course had two or more exams (rubric value = 2); 31.1% had one exam (rubric value = 1), and 13.2% did not offer a mid-term exam (rubric = 0).
Instructors were asked to indicate the approximate percentage of the exam grade that is based on questions that require students to explain their reasoning. Slightly more than half of respondents (52.5%) indicated the percentage was greater than 15% (rubric value = 1); the rest (47.5%) indicated 15% or less (rubric value = 0).
Finally, instructors were asked to provide an approximate breakdown of the course grade over ten categories (final exam, midterm exam(s), projects(s), etc.). Each respondent's breakdown was required to total 100%. Figure 3 shows the average percentages for each of the 10 categories. Midterm exams had the highest average weight (27.8% of the course grade). Projects (23.5%), labs (22.8%) and final exam (21%) also had relatively large weights on average. The rubric awarded one point if the final exam is weighted 60% or less. No individual instructors reported that the final exam was weighted 60%; the range was 10-40%. Section summary. Overall, a majority of instructors who completed this inventory appear to be using evidence-based instructional methods for feedback and testing. Some effective teaching practices that are less commonly used and should be implemented more widely include:  Obtaining course feedback from students throughout the term  Giving feedback on assignments before grading or giving students the opportunity to redo work to improve grade  Allowing students to see answer keys and grading rubrics for assignments and exams.
Labs
Because many engineering courses have a laboratory component, seven new questions about lab teaching practices were added; these are not in Wieman & Gilbert's inventory. Although we did not develop a rubric to evaluate the responses, the responses are enlightening. Of the 61 respondents, 39 (63.9%) reported that their course had labs. Of these, 97.4% reported that the purpose of each lab activity was clearly stated at the beginning of each lab. Also, 92.1% reported that student learning from lab activities is evaluated (most commonly using lab reports and demos). Figure 4 shows the number of students per lab workbench/setup. In most cases (84.2%), students had to share resources. Only 15.8% of respondents reported that their students had a lab/workbench to themselves. The most common arrangement (60.5%) was for 2-3 students to share a workbench/set up. However, 23.7% of respondents reported that 4 or more students had to share. In most cases (76.3%), students are able to use the lab equipment outside of designated class/lab times (typically during open lab times or by appointment). However, 23.7% of the respondents reported that lab equipment is not available outside of lab times. Instructors were asked to indicate the ways that lab instrumentation and equipment are made available to students. Figure 5 shows that in the majority of cases (89.5%), physical equipment is available. In a few cases (2.6%), students access physical equipment over a distance (remote laboratory). In some cases (15.8%), students have access to simulated equipment via a virtual lab. Figure 5 . Ways in which lab instrumentation and equipment are made available for students.
The inventory asked instructors to characterize the instructional objectives of their lab activities using category definitions from Feisel & Rosa (2005) . The definitions and percentages of respondents who selected each are summarized in Table 7 . The most common instructional objectives were teamwork (reported by 81.6% of respondents), data analysis (73.7%), instrumentation (71.1%), and communication (71.1%). The least common were sensory awareness (26.3%) and psychomotor (28.9%). Table 7 . Percentage of respondents reporting various categories of instructional objectives for labs (with category definitions). Instructional objective % selected Teamwork -Work effectively in teams, including structure individual and joint accountability; assign roles, responsibilities, and tasks; monitor progress; meet deadlines; and integrate individual contributions into a final deliverable.
81.6%
Data Analysis -Demonstrate the ability to collect, analyze, and interpret data, and to form and support conclusions. Make order of magnitude judgments, and know measurement unit systems and conversions.
73.7%
Instrumentation -Apply appropriate sensors, instrumentation, and/or software tools to make measurements of physical quantities.
71.1%
Communication -Communicate effectively about laboratory work with a specific audience, both orally and in writing, at levels ranging from executive summaries to comprehensive technical reports.
71.1%
Design -Design, build, or assemble a part, product, or system, including using specific methodologies, equipment, or materials; meeting client requirements; developing system specifications from requirements; and testing and debugging a prototype, system, or process using appropriate tools to satisfy requirements.
60.5%
Safety -Recognize health, safety, and environmental issues related to technological processes and activities, and deal with them responsibly. 60.5%
Creativity -Demonstrate appropriate levels of independent thought, creativity, and capability in real-world problem solving. 55.3%
Experiment -Devise an experimental approach, specify appropriate equipment and procedures, implement these procedures, and interpret the resulting data to characterize an engineering material, component, or system.
52.6%
Learn from Failure -Recognize unsuccessful outcomes due to faulty equipment, parts, code, construction, process, or design, and then reengineer effective solutions.
Ethics in the Lab -Behave with highest ethical standards, including reporting information objectively and interacting with integrity.
44.7%
Models -Identify the strengths and limitations of theoretical models as predictors of real world behaviors. This may include evaluating whether a theory adequately describes a physical event and establishing or validating a relationship between measured data and underlying physical principles.
36.8%
Psychomotor -Demonstrate competence in selection, modification, and operation of appropriate engineering tools and resources. 28.9%
Sensory Awareness -Use the human senses to gather information and to make sound engineering judgments in formulating conclusions about real-world problems.
26.3%
None of the above objectives apply to the lab activities in this course.
2.6%
Section summary. In summary, 63.9% of respondents taught courses that included labs. Almost all of these instructors reported that the purpose of each lab activity is clearly stated at the beginning of each lab (97.4%) and student learning on lab activities is evaluated (92.1%). The most common instructional objectives were teamwork (reported by 81.6% of respondents), data analysis (73.7%), instrumentation (71.1%), and communication (71.1%).
Typically labs utilize equipment that is physically accessible to students (89.5%). Use of remote labs is very uncommon (2.6%); virtual labs are sometimes used (15.8%), but are still uncommon. Perhaps because physical equipment is expensive, 84.2% of respondents reported that students share lab/workbench resources. It is not uncommon for four or more students to share a lab/workbench (23.7%). In addition, 23.7% of the respondents reported that lab equipment is not available outside of lab times.
Other
Wieman & Gilbert's inventory also includes questions about other teaching practices that have been shown to support learning but don't fit neatly into one of the other sections of the inventory. Table 8 lists these practices and the percent of respondents who indicated that these practices occur in their course. None are used by a majority of instructors. but also included several new questions related to laboratory instruction. The inventory seemed easy-to-use. The median average completion time was 15 minutes. The mean, after discarding the five fastest and slowest responses, was 16 minutes.
The majority of respondents are using evidence-based teaching practices. However, there are several evidence-based teaching practices that currently not being widely used by the respondents. These include:
 Provide and actively contribute to wikis or discussion boards for students.  Provide copies of practice or previous year's exams.  Provide articles from scientific literature.  Ask students to read/view material related to an upcoming class section AND to complete assignments or quizzes on the material shortly before class or at beginning of class;  Ask students to complete reflective activity at end of class;  Obtain course feedback from students throughout the term.  Give feedback on assignments before grading or give students the opportunity to redo work to improve grade  Allow students to see answer keys and grading rubrics for assignments and exams.  Assess students' background knowledge at the beginning of course;  Use an instructor-independent pre-post test (such as a concept inventory) to measure learning.  Use a consistent measure of learning that is repeated in multiple offerings of the course to compare learning;  Use a pre-post survey of student interest and/or perceptions about the subject.  Provide opportunities for students to self-evaluate learning.  Provide students opportunities to have some control over their learning, such as choice of topics for course, paper, or project, choice of assessment methods, etc.  Try out new teaching methods or materials along with measurements to determine their impact on student learning
In addition, during lab instruction, it is quite common for students to have to share lab workbenches/equipment; often four or more students share. At the same time, access to equipment outside of scheduled lab times is limited. It appears that increased use of virtual and remote labs could alleviate some of the equipment access issues.
Further research
Future directions include:  Develop a scoring rubric for the questions about engineering lab activities.  Administer the inventory to faculty in other engineering disciplines or organizations.
 Develop surveys for instructors and industry to explore concerns and issues related to use of remote and virtual labs, such as cost, maintenance, upgrade issues, and what could be added to remote labs to make them more useful for education.
